Energy demand which has increased rapidly is estimated to increase also in the future. Coal and natural gas would continue to have primary role in electricity generation and industry. Turkey's energy consumption has been growing faster than its production. Natural gas is the greatest source in the energy consumption with a share of 32%. Lignite coal is major domestic energy source of Turkey and its reserves are 12.4 billion tons. Since most of the lignite reserves are low in quality, they are used mostly in electricity generation. On the other hand, Turkey has very limited natural gas reserves. Aim of this article is to evaluate the energy demand of Turkey based on hard coal, lignite and natural gas. As a result of the study it was determined that 70% of the primary energy consumption is met by imported energy sources. This figure shows that Turkey's dependency on foreign energy will continue to increase in following years in parallel with its economic growth. Turkey should increase the use of domestic sources, since foreign dependence of country can be minimized.
INTRODUCTION
Energy is a significant factor regarding the assurance of social prosperity and economic development of a country. While the developing countries struggle to obtain long term reliable energy sources to complete their economic development, the developed countries struggle to get them to keep their present prosperity levels. Coal, which has the greatest importance among the energy sources, is the primary factor for the industrial revolution in the world. Coal is produced by more than 50 countries and it has a life span of over 200 years (Wang, 2010) . Coal keeps its favor even today. Steel consumption, which is the primary indicator of the degree of development of a country, still uses coal. Coal is also commonly used in electrical power plants and household. Because of the inevitable decline in world reserves of oil and rising demand for energy, coal is a major alternative along with nuclear power to meet these needs (Uslu, 2002; Yılmaz and Uslu, 2006) . Turkish economy has been growing sharply since 1983. Turkey's energy consumption has been growing faster than its production. Therefore, Turkey has become an import dependent country in terms of energy. The energy demand of Turkey has been doubled between the years 2000-2010 and will be fivefold between 2000 and 2025 (Demirbas and Bakıs, 2003; Balat et al., 2004) . Turkey is the 17th largest economy in the world and also is a dynamic and emerging country. Turkey's energy strategy is aimed at satisfying demand without any adverse impact on its economic growth in the country (Ozturk, 2005) . In 1923, Turkey's population was 12 million. In 2008 year, the population has reached 71 million increasing about by sixfold. Installed capacity of electricity production, total electricity production, per capita electricity production and per capita electricity consumption were 33 MW, 45 GWh, 3.6kWh and 3.3 kWh, respectively. Initially, almost all of the electricity demand was met by thermal power plants. In 2008 year, installed capacity reached 41.817MW increasing about by 1267-fold, electric production reached 198.418GWh increasing by 4409-fold. Per capita electricity production and consumption reached 2792 and 2278kWh increasing by 775-fold and by 690-fold, respectively. In 2008 year, the share of lignite, hard coal and petroleum in primary energy production was 52%, 4% and 8% respectively. The share of natural gas, lignite and hard coal resources in primary energy consumption was 32 %, 14 % and 14 % (Table 1) . (Yılmaz, 2003 (Yılmaz, , 2004 TEIAS, 2004; Yılmaz and Uslu 2007; TUIK, 2010; BP, 2010; TEIAS, 2010; Erdem, 2010) .
ENERGY OUTLOOK OF TURKEY
Energy has been the most important investment sector over the world. Turkey's energy demand increased rapidly. Increase of the primary energy in consumption was three times bigger than the increase in production, during the period 1970-2008. While the ratio that production meets consumption was 77% in 1970, this ratio reduced to 28%, in 2008. In other words, the primary energy consumption of 19 Mtoe in 1970 reached 104 Mtoe with an increase rate of 547% in 2008 (Fig. 1) . Turkey depends on foreign countries in energy fields, especially in terms of oil and natural gas. 72% of the country's energy consumption is met by imports and the share of imports is expected to increase in the following years (Yılmaz and Arıo_lu 2003; Yılmaz and Uslu, 2006; Yılmaz 2006) . (Data from, SIS, 2003 SIS, , 2004 TPAO, 2006; Yılmaz 2009 ).
Distribution of total electricity generation by energy resources during the period 1940-2008 is shown in Fig. 2 . As seen in the figure, hard coal accounted for about 80% of electricity production in 1950. Its share reduced continuously in the following years and reached about 1.7 %. Lignite proved its importance during the petroleum crisis in [1973] [1974] [1975] [1976] [1977] [1978] [1979] . The share of lignite in electricity production increased from 20% to 45% in the 1980s. This rate has been decreased continuously in the following years and it reached 18% in 2008. After the year 2000, a sharp increase in share of imported natural gas in electricity production, lowered the use of domestic lignite and hard coal. Although imported natural gas was responsible for 0.17% of electricity production in 1985, this rate abruptly increased in the following years and reached 50% in 2008 (Yılmaz et al., 2005; Yılmaz 2009 ).
Turkey's primary energy production carried out by using domestic sources is 29.2 Mtoe. The coal has the greatest share with 57%. Wood-waste, hydraulic sources, oil and other sources follow the coal with the shares of 16.5%, 9.8%, 7.8% and 5.6% respectively. However, natural gas has a share of only 3%. On the other hand, primary energy consumption of Turkey is 104.3 Mtoe. The greatest source in the consumption is natural gas with 31.8%. Oil, domestic coal, import coal, wood-waste follow the natural gas with the shares of 29.9%, 15.5%, 14% and 4.5% respectively (Fig. 3) (TKI, 2009; MENR, 2010 natural gas. According to research estimates, this dependence is likely to continue in the near future.
COAL USAGE AS AN ENERGY SOURCE
Domestic energy resource such as hard coal and lignite can be widely used for electricity generation in Turkey. Demand on electrical energy consumption in Turkey has been increasing over the last years. Therefore, coal is an efficient and cheap energy source for Turkey. Moreover, apart from significant hard coal and abundant lignite Turkey has also reserves of asphaltite, peat, reserves. But, the lignite reserves constitute the large portion of total coal reserves in Turkey. Turkey's significant hard coal basin exists in Zonguldak province which is on the Western Black Sea Region. The other formations have been met in Hazro (Diyarbakır) and Kemer (Antalya) (Fig. 4 ). Turkey's hard coal reserve is 1.3 billion Table 2 ). The calorific value of the hard coal differs from 6.200 to 7.250 kcal/kg (TTK, 2004; TKI, 2010 ). Turkey's coal deposits are operated by three main companies which are Turkish Hard Coal Enterprise (TTK), Turkish Coal Enterprises (TKI) and the Electricity Generation Company (EUAS). TTK is authorized for hard coal production, processing and distribution. More than half of lignite reserves are produced by TKI. Production of remains belongs to private companies and EUAS for we in power plants. During the period of 1970-2008, considerable variations in the use of the produced hard coal were observed. Share of consumptions are according to distribution of the sectors in 1970 were as follows: iron-steel industry: %39 (1.8 million ton/year); power station: %20 (0.9 million ton/year); household: %8 (0.4 million ton/year); and the other industry: %32 (1.5 million ton/year). While share of consumption was almost the same in 4 main sectors at the beginning of the period, the iron-steel industry came to the level of 50% in the following years. Share of the consumption in iron-steel industry and power stations changed with time. From the beginning of the 1990s, amount of coal consumed in power stations began to increase again, while the consumption share of the iron-steel industry decreased rapidly. In 2008, the shares have reached %27 (6.2 million t/y), %24 (5.5 million t/y), %4 (0.8 million t/y) and %44 (10.1 million ton/year) for power station, iron-steel industry, household and other industry, respectively (Fig. 5 ).
Turkey's rich lignite deposits have spread all over the country. The most important known lignite deposits reserves are located in Afşin Elbistan, Mugla Soma, Tunçbilik, Seyitmer, Beypazarı and Sivas regions (Fig. 4) . About 40% lignite reserve is located around Afsin-Elbistan which is in the southeast of the Turkey (Yılmaz and Uslu 2007) . Although total lignite reserves were about 8.07 billion tons (TKI 2009; TKI, 2010 ), Turkey's new total lignite reserves including proven, probable and possible reserves have reached about 12.4 billion tons after recent exploration activities. Turkey has a share of 2% in the world reserves and 8% in the world production. Distribution of the new lignite reserves in the Turkey is shown in Table 3 ( TKI, 2004; . The share of lignite reserves with calorific values of 1000-2000 kcal/kg, 2000-3000 kcal/kg, 3000-4000 kcal/kg, and over 4000 kcal/ kg are 66%, 24%, 5%, Turkey has important potential source for generating electricity in terms of lignite. However, natural gas has accounted for much more of total electricity generation, during the period 2000-2020. Almost all of gas used in this period was imported from foreign countries. Turkey's natural gas demand has sharply increased over the next years, and the most important consumers were natural gas fired electric power plants, household, industry and fertilizer users (Table 4) . Coal base electricity generation was 38.186 GWh in 2000 and it is expected to be 174.235 GWh increasing more than fourfold in 2020. Natural gas based electricity generation was 46.217 GWh in 2000 and it is predicted to be 225.648 GWh increasing more than fourfold (Soyhan, 2009; Toklu et al., 2010) .
NATURAL GAS USAGE AS AN ENERGY SOURCE
Turkey's natural gas usage as an energy source has increased rapidly for the last two decades. Turkey's economic growth and increasing import of gas resulted in increasing use of natural gas in electricity, agriculture and households. Therefore, gas consumption exceeded demand. Turkey's natural gas consumption has commenced with 0.5 bcm in 1987 and rapidly reached 16 bcm in 2001 and 36 bcm in 2008. Annual increasing rate of natural gas consumption was 14.93%, in average. In line with this trend, share of natural gas in total primary energy consumption increased as well. However, Turkey's natural gas production could not keep up with the increasing demand. Turkey has very limited domestic natural gas reserves and therefore, highly dependent upon energy imports to meet its energy consumption needs.
Turkey's known natural gas producing fields are located in Thrace and South East Anatolia regions such as, Hamitabat, Umurca, Karacaoglan, Degirmenkoy, Karacalı, Tekirdag, Camurlu, and Hayrabolu. Natural gas reserves of Turkey including proven, probable and possible reserves are 23 (bcm). Furthermore, cumulative production of natural gas was 11.3 bcm and remaining recoverable gas was 6.2 bcm as seen Table  5 . Especially, the West Black Sea, Marmara and Middle Anatolia regions are seen as hopeful fields. (Kiliç, 2005; Toksarı, 2010; PIGM, 2010) . Natural gas consumption has increased with time and more than half of the natural gas was used for electricity generation (Table 6 ). The share of electricity generation in gas consumption were; 2.6bcm (77%) in 1990, and reached 20.9bcm (%56) in 2008. The industries sector were; 0.22 bcm (%6.52) in 1990, and reached 7.87bcm (21%) in 2008. Household sector was rate of 1.5 % in 1990, and reached to 7.92 bcm (%22) in 2008. In the fertilizer sector, it remained as 1%. Natural gas has been fast-growing fuel of energy market in Turkey. The tremendous growth and increased trend in gas demand during the period 1990-2008 showed that Turkey will need much more gas in the following years. Especially the share of the natural gas consumed in electricity generation has sharply increased and is considered to increase also in the future. Petroleum came to be outstanding during 1970-1985, due to increase in petroleum prices and it affected both economy and energy production (Fig. 8) . Therefore, imported energy cost of Turkish industry increased. Hard coal and lignite deposits of the country began to be used for power generation. In 1990s, the country attempted to use national resources again. 1990s years, natural gas began to appear with small capacity and has sharply increased (Kılıç, 2005; Lise, 2006; Yılmaz and Uslu, 2007) .
COMPETITIVENESS
Primary energy sources are widely used for electricity generation in Turkey. Turkey has important potential domestic resource for generating electricity, especially lignite. On the other hand, it has very limited natural gas reserves and imported virtually all natural gas demand in foreign countries. Nevertheless, natural gas has accounted for much more of total electricity generation. Turkey's natural gas dependence has been increasing and the effect of natural gas for energy production will go on in the future. Therefore, when Turkey's energy market is taken into account, the share of imported natural gas in primary energy sources should be reduced. Because, Turkey's potential domestic resources such as lignite and hard coal have low cost, when it cooperated to natural gas.
That Turkey is surrounded by major gas exporting countries such as Russia and others countries in Middle East and Central Asia, is another factor making Turkey the gas importer and consumer country. Turkey would like to diversify its import sources and has signed gas import deals with a number of countries, including Egypt, Iran, Azerbaijan, Iraq and Turkmenistan. Turkey's natural gas supply contracts are shown in Table 7 (Hacisaliho_lu, 2008) . Almost three-quarters of the world's natural gas reserves are located in Russia, Iran and Qatar. They are accounted for about 55% of the world's natural gas reserves. However, Russia has planned to export natural gas instead of burning it for electricity generation. Because Russia has begun to divert its electricity generation from natural gas to nuclear power (EIA (2), 2010). But, natural gas has accounted for virtually total electricity generation in Turkey. Turkey has signed eight purchase contracts for imported natural gas. The last and the longest duration gas trade contracts with Turkmenistan as was 30 years. The greatest share of natural gas is from Russia Federation 30 bcm (44%), via three pipeline routes which are Blue stream that involves the use of twin parallel pipelines laid across the Black Sea, and the others of pipeline are Turusgaz and West Gas. Follow Russia Federation Turkmenistan 16 bcm (24%) and Iran 10 bcm (15%). The other major pipeline route comes from Azerbaijan through Georgia via the BakuTbilisi-Erzurum pipeline. This pipeline currently has a capacity of 6.6 bcm and it will be increased in the next years. Turkey has several projects for diversifying its gas supplies further. Turkey and Iraq has signed a new contract which would give Turkey access to Iraq's considerable gas resources. • The cost of electricity from natural gas is higher than from coal due to high natural gas prices • Consumption level has dramatically increased • Useful economic life is just 60-70 years • Strategic and policy problem • Natural gas is a non-renewable resource • Natural gas requires complex treatment plants and pipelines to deliver gas from the field to site of use • Coal is a non-renewable resource • Coal is the cheapest fossil fuel for electricity generation
• Fast depleting the ozone layer • The prices of coal is lower and more stable than natural
• Excavation of coal is hard job and dangerous gas because of large reserve and simple accessibility
• It will eventually come to an end • Turkey's coal production has a significant proportion Advantages and disadvantages of natural gas and coal consumption in Turkey are given in Table 8 and Table 9 . According to tables following conclusions can be drawn.
• One advantage of natural gas is that it is an important source of energy for reducing pollution in terms of emissions and maintaining a clean and healthy environment. It offers a number of environmental benefits over other fossil fuels source. Therefore, primary share of natural gas can be consumed for household especially in large urban area such as Istanbul, Ankara and Izmir. • Two major disadvantages of using natural gas in Turkey are problem of storage and take or pay obligations. Turkey's natural gas storage capacity is too small for current demand. Nowadays, Turkey has three underground storage projects which are not finished for productive usage. Underground natural gas storage facilities are projected to regulate fluctuations in consumption and to help gas supply in case of cutting risk. For example Iran cut Turkey gas in 2007. Because, during that time, Iran has bad weather, they needed much more gas. When the underground storage activities will be finished, it will make a significant contribution. On the other hand, take-or-pay obligations which are contract between a seller and a buyer and included in almost all of its natural gas importation agreements are irrespective of whether buyer takes delivery. • Turkey has signed energy contracts mainly with Russia Federation, Turkmenistan, Iran, Azerbaijan and the others countries such as Nigeria and Algeria (Table 8) . However, according to these agreements, Turkey has to pay the cost of the natural gas even if the declared annual amount of gas is not consumed. These agreements force Turkey to buy the gas every year. Moreover, these contracts are generally for more than 10 years. As a natural consequence of this obligation of take-or-pay results in huge waste of money. According to some of Turkey's energy experts Turkey would not be able to consume all the gas it had. However, the only way to diminish this financial loss to consume domestic sources such as hard coal and lignite and accelerate the activities on energy research, exploration, development and improved energy technologies.
• Another disadvantage of natural gas consumption in Turkey is increasing of foreign dependency on energy sources. It is expected that, the gap between the demand and supply by domestic resources will increase sharply in the future. Turkey spends one-fifth of the income it obtains from overall exports for energy imports. The incredible increase rate of natural gas consumption in the recent years constitutes an important position in the imports items of Turkey. More importantly, use of natural gas in industry and electricity production imperils the energy security of Turkey (Yılmaz, 2008; Yılmaz and Aydiner, 2009) . In 1996 year, the cost of Turkey's total energy imports, including hard coal, lignite, peat, crude oil, natural gas, coking coal and refined petroleum products, was 5.9 billion US dollars. (Fig. 9 ).
• In 2009, natural gas was relatively abundant and had low price. The weak effect of the natural gas demand evident in the commercial and industrial sectors are due to the economic downturn. The reduction in consumption in the commercial and industrial sectors, however, was balanced somewhat by increases in the use of natural gas for electric power generation. Even with lower natural gas prices, natural gas consumption declined from the previous year in the residential, commercial, and industrial sectors due to a combination of weather and economic factors. Weather was the primary factor contributing to lower residential consumption; while the weakened economy was a major influence in declines in commercial and industrial consumption. Gains in consumption from electric power from partially balanced losses in the other sectors (EIA, 2010).
• On the other hand, coal is the cheapest fossil fuel for generating electricity, but it is also the primary pollutant, releasing the highest levels of pollutants into the air. However, Turkey is not a critical country for CO 2 emissions. In Turkey CO 2 emissions per capita are 2.9 tons/capita. This account is much less than those of the world and OECD averages which are 3.87 and 11 tons/capita, respectively (IEA, 2010). One of the major advantages of coal usage as an energy resource for Turkey is that its reserves in disperses all over the country.
• One advantage of lignite is that it produces cheaper energy, when it is compared to natural gas with regard to the unit cost of electricity generation. It can be stated that lignite which is totally produced domestically must be used definitely in the model of the permanent development of Turkey, especially in electricity generation and industry. Comparison of coal and natural gas prices during the period 1971-2000 is shown in Fig. 10 . At the beginning of the period primary Figure 10 . Comparison of coal, crude oil and natural gas prices during 1971-2010 energy sources such as coal, oil and natural gas were cheap and easily obtained, when compared today. However, after the oil shocks of the 1970s, world started to face the petroleum crisis and the rising oil prices that caused negative influences on the world economies.
• Another major advantage of consumption of coal in Turkey is dynamics life of lignite and hard coal in Turkey. If the initial production and reserves of lignite are considered about 70 million tons and 12.4 billion tons respectively, its dynamic life is calculated as 127, 102 and 76 years, respectively, for the production increase in rates of 0.5%, 1% and 2. If the initial production and hard coal recoverable reserves are considered about 3 million tons and 550 million tons, respectively; its dynamic life can be calculated as 77, 102 and 130 years for the production increase rates of 0.5%, 1% and 2%, respectively as shown in Fig.11 . • Today, the number of coal exploration activities in Turkey is not enough and should be increased. Deductive prospecting and advanced technology should be used in the studies. Geophysical surveying should also be used beyond the mechanical drilling. Lake-originated areas in the Black Sea Region, water sediments in the Thrace Region and Eastern Anatolia Region, land and lake originated areas in the Western Anatolia Region are suitable for coal formation and should be prospected as probable coal deposits (TUSIAD, 1998). • Finally, it can be concluded that installation of the electricity power plant will be very important for the future and coal will be important in energy production again. Thus, Turkish government expects total coal supply to rise more than five times higher than current figures. According to future projection for coal usage total coal capacity will increase in electricity production. Compared to some other countries, share of coal in electricity production in Turkey is low. Therefore, Turkey should turn towards domestic energy sources and rise the share of coal usage in electricity production.
CONCLUSIONS
Turkey's energy supply and demand especially in electricity consumption has been increased dramatically over the last two decades as result of some factors, such as industrialization, urbanization, economic expansion rate, population growth, social prosperity and other factors. Following conclusions can be drawn from the present study.
• Turkey has limited oil and natural gas reserves. Therefore, Turkey is highly dependent on energy import to meet its energy consumption. However, Turkey has significant coal reserves, particularly lignite.
• Hard coal and lignite will keep their position and importance in energy production with their lifetime of more than 200 years. • Hard coal is a highly efficient and cheap energy source. Cost of lignite is lower than that of natural gas as an input fuel for the industry.
•
The importance of coal and coal based electricity production will increase in the future. Therefore, Turkey should turn towards domestic energy sources and the share of coal usage in electricity production should be increased.
• Turkey has a short history of natural gas. While at the beginning of natural gas consumption period, consumption and import was low. It increased significantly in the following years and reached 36 bcm in 2008.
• After 1990s, natural gas has been used in industry, household, fertilizer and especially in electricity generation. Turkey's primary natural gas suppliers are by Russian Federation and Turkmenistan. • Turkey should take action in order to meet the demand from its own sources. It should not be expected that the domestic production overcome the consumption within a very short time. However, measures should be taken for minimizing the 
Dynamic life of lignite
Dynamic life of hard coal deficit between production and import. • Finally, it can be stated that Turkey should plan very carefully about their energy demand and increase to maximum use of domestic coal potential in order to minimize the foreign dependence on energy. Moreover, Turkey Government should work on energy research, exploration activities, development and improved energy technologies. To produce energy from domestics sources has a huge importance for a country in terms of economy and supply safety.
